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Abstract 

We propose a non-SO(lO) modification of the Buchmiiller-Wyler ansatz for 
neutrino mixing and leptogenesis, in which charged lepton, Dirac and Majo- 
rana neutrino mass matrices have fewer free parameters. Predictions of this 
new ansatz for three light neutrino masses, three lepton flavor mixing an- 
gles, the neutrinoless double-/? decay and the cosmological matter-antimatter 
asymmetry are all in very good agreement with current experimental and 
observational data. 

PACS number(s): 14.60.Pq, 13.10.+q, 25.30.Pt 
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I. INTRODUCTION 



The atmospheric and solar neutrino oscillations observed in the Super-Kamiokande |J 
and SNO experiments have provided rather convincing evidence that neutrinos are mas- 
sive and lepton flavors are mixed. To interpret the smallness of neutrino masses and the 
largeness of lepton flavor mixing angles, as indicated by current solar and atmospheric neu- 
trino data, many theoretical models and phenomenological ansatze have been proposed [Q. 
Among them, the one proposed by Buchmiiller and Wyler || is of particular interest, be- 
cause (a) it is based on the simplest SO(10) lepton-quark mass relations and the seesaw 
mechanism || ; (b) it leads to quite specific predictions for the light neutrino masses, lepton 
flavor mixing angles, CP violation, and the neutrinoless double-/? decay; and (c) it is able 
to predict the cosmological matter-antimatter asymmetry via a very attractive mechanism 
- leptogenesis [0]. 

The present paper aims to propose a non-SO(lO) modification of the Buchmiiller- Wyler 
ansatz, in order to account for current experimental data in a more accurate and more flexible 
way. To see why our effort makes sense, let us consider the following relation obtained by 
Buchmiiller and Wyler [|J: 

£ 2 ^ (l + tan 2 fl atm ) 3 Am s 2 un 
| tan 2 9 sun - cot 2 9 sun \ Am 2 tm ' 

where e is a small expansion parameter of the Dirac neutrino mass matrix; (Am 2 un , Am 2 tm ) 
and (# sun , a tm) are the mass-squared differences and mixing angles of solar and atmospheric 
neutrino oscillations, respectively. From current Super-Kamiokande [U and SNO || data, 
one obtains 

Am 2 un = (3.3 - 17) x KT 5 eV 2 , 
tan 2 6 sun = 0.30 - 0.58 (2) 

at the 90% confidence level f8[ []; and 

Am 2 tm = (1.6 - 3.9) x 10' 3 eV 2 , 
sin 2 26 atm > 0.92 (3) 



at the same confidence level PH . Then it is straightforward to get e > 0.1 from Eqs. (1), (2) 



and (3). This lower bound of e is not consistent with e ~ \Jm u /m c « 0.04 — 0.08 obtained 
from the SO (10) relation between Dirac neutrino and up-type quark mass matrices (i.e., 
Mq = M u [|J). Hence one may wonder whether a modification of the Buchmiiller- Wyler 
ansatz is possible, so as to avoid any inconsistency with data or any fine-tuning of the 
parameter space. 

It is obvious that the Buchmiiller- Wyler ansatz will get much flexibility to accommo- 
date the present data on solar and atmospheric neutrino oscillations, if the relevant SO (10) 



The best fit of current solar neutrino data in the large-angle Mikheyev-Smirnov-Wolfenstein 
(MSW) mechanism § yields Am 2 un = (5 - 7) x 1(T 5 eV 2 and tan 2 9 sun = 0.35 - 0.45 Q. 
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lepton-quark mass relations are suspended. In this spirit, we propose a non-SO(lO) mod- 
ification of the Buchmiiller-Wyler ansatz, in which charged lepton, Dirac and Majorana 
neutrino mass matrices have fewer free parameters. The predictability of such a new ansatz 
is expected to be more powerful. It is worthwhile to emphasize that we are following a 
purely phenomenological approach. We hope that the good agreement of our results with 
current experimental and observational data may shed light on some appropriate ways of 
model building, either within or beyond grand unified theories. 

The remainder of this paper is organized as follows. In section 2, we specify the textures 
of charged lepton, Dirac and Majorana neutrino mass matrices, from which one may see 
both similarities and differences between the new ansatz and its original version. Section 3 
is devoted to explicit predictions of this new ansatz for light neutrino masses, lepton flavor 
mixing angles, CP violation, neutrino oscillations, and the neutrinoless double-/? decay. We 
calculate the lepton asymmetry in section 4, and translate it into the baryon asymmetry via 
leptogenesis. Finally, a brief summary is given in section 5. 



II. LEPTON MASS MATRICES 

A simple extension of the standard model is to include one right-handed neutrino in each 
of three lepton families, while the Lagrangian of electroweak interactions keeps invariant 
under the SU(2)l x U(1)y gauge transformation |7|]. After spontaneous symmetry breaking, 
the lepton mass term can be written as 

2' 



- £,„ = (e it. t) l M, \h \ + (v, v v !/ T ) L M D [ | + -(v% v% ^) L M R 



T I -n \ V T 




(4) 



where v c a = Cv^ with C being the charge-conjugation operator (for a — e, fi, r); and M, M D 
and Mr stand respectively for the charged lepton, Dirac neutrino and Majorana neutrino 
mass matrices. We expect that the scale of Mi and Md is characterized by the gauge 
symmetry breaking scale v ~ 175 GeV. The scale of Mr may be much higher than v, 
because right-handed neutrinos are SU(2)l singlets and their mass term is not subject to 
the electroweak symmetry breaking. As a consequence, the 3x3 light neutrino mass matrix 
M v arises from diagonalizing the 6x6 neutrino mass matrix 

^ - U Z) ■ < 5 > 

and takes the seesaw form 

M u w - MnM^Mv ■ ( 6 ) 

Given specific textures of Mq and Mr, one can calculate the mass eigenvalues of M v . The 
phenomenon of lepton flavor mixing at low energy scales stems from a non-trivial mismatch 
between diagonalizations of Mi and M v . In contrast, the lepton asymmetry at high energy 
scales depends on complex Md and Mr pj. 
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Now let us propose a non-SO(lO) modification of the Buchmuller-Wyler ansatz |4j] for 
neutrino mixing and leptogenesis. First of all, we assume Mi and Md to be symmetric 
matrices, just like Mr. Second, we assume that the (1,1), (1,3) and (3,1) elements of Mi, 
Md and Mr are all vanishing in a specific flavor basis, in analogy to a phenomenologically- 
favored texture of quark mass matrices M u and Md flT^] . Note that we do not invoke any 
direct relationship between (Md, M) and (M u , Md) (such as Md = M u and M/ = Mi in the 
SO (10) grand unified theory H). Instead, we assume that the non-zero elements of Md and 



Mi can be expanded in terms of the Wolfenstein parameter A ~ 0.22 [13]. It is well known 



that the mass spectra of charged leptons and quarks are hierarchical WM: 



m e 


~ A , 




~ A 2 


m T 




m T 




m u 


~ A , 


m c 


~ A 4 


m t 




m t 




m d 


~ A 4 , 


m s 


~ A 2 


m b 




m b 





(7) 

We conjecture that Md might have a similar hierarchy as Mi, but its dominant mass eigen- 
value should be close to the electroweak symmetry breaking scale v ~ 175 GeV. To be more 
explicit, we take 



Md = m 



Mi = 





A 3 





(! 


x\ 2 


A 2 




A 2 




( 


A 4 





A 4 


y\ 2 


A 3 


\ 


A 3 





(8) 



where A = Xe luJ ; (x,y) are real and positive coefficients of 0(1); and mo ~ v holds. It is 
easy to check that three mass eigenvalues of Md have the hierarchy A 4 : A 2 : 1, and those 
of Mi have the hierarchy shown in Eq. (7). The hierarchical structure of Mi implies that 
its contribution to lepton flavor mixing is very small and even negligible. Thus we expect 
that large lepton mixing angles observed in solar and atmospheric neutrino oscillations are 
essentially attributed to the light neutrino mass matrix M v in our ansatz. 

Because the (1,1), (1,3) and (3,1) elements of both Mr and Md have been assumed to be 
vanishing, M v must have the same texture zeros via the seesaw relation in Eq. (6) [TjJ. To 
generate a sufficiently large mixing angle in the v t£ -v T sector to fit current Super-Kamiokande 
data on atmospheric neutrino oscillations |], the (2,2), (2,3), (3,2) and (3,3) elements of M v 
should be comparable in magnitude. This requirement is actually strong enough to constrain 
the texture of Mr in a quite unique way, as first observed by Buchmuller and Wyler . For 
our purpose, we obtain 



2 Note that Mr is given in terms of A rather than A. If both Md and Mr were expanded in terms 
of A, the resultant texture of M v would be unable to generate a large mixing angle in the v e -^n 
sector. 
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M R = Mo A 5 zA 4 A 4 , (9) 



M 



where z is a real and positive coefficient of 0(1), and Mo 3> t> holds. The texture of M v 
turns out to be 

/OA \ 

X z' 1 , (10) 
V 1 e i2 ^ J 

where z' = 2x — ze luJ with \z'\ ~ 0(1), and 2y? = 2£ — 5u. Note that an overall phase factor 
e j(5^-vr) Deen omitted from the right-hand side of Eq. (10), since it has no contribution 
to lepton flavor mixing and CP violation at low energy scales. 

We remark that the (2,2), (2,3), (3,2) and (3,3) elements of M v in Eq. (10) are all of 0(1), 
from which a large mixing angle (around 7r/4) can be obtained for the v^-Vr sector. It is due 
to such a prerequisite that the hierarchy of Mr can almost uniquely be fixed through the 
seesaw relation between Mr and M v . In other words, we essentially require little information 
about the v^v^ sector of M v to arrive at Eq. (9) []. As the z/ M -z/ r sector of M v is relatively 



insensitive to the renormalization effects from one scale to another [16|, we expect that our 
phenomenological constraints on the texture of Mr at high energy scales make sense. To 
generate a large mixing angle in the f e -^ sector to fit current Super-Kamiokande [|IJ and 
SNO [0] data on solar neutrino oscillations, the condition 

= 8 ~ 0(A) (11) 



z'e i2 * 



must be satisfied [jH|[7||. Some instructive constraints on the parameter space of x, z, uj and 
( can be drawn from Eq. (11), as one will see below. 

It is worthwhile at this point to comment on two major differences of the present ansatz 
from its original version ||: 

(a) We do not assume any SO(10) lepton-quark mass relations. Therefore the pattern 
of Md can be taken as Eq. (8) with a structural hierarchy weaker than before. This 
modification will lead to a ratio of Am 2 un to Am 2 tm at the percent level (i.e., e 2 in Eq. (1) 
is replaced by A 2 ), consistent very well with current experimental data. In this sense, we 
would say that the phenomenological success of this new ansatz may compensate for the 
theoretical cost for having discarded the simplest SO(10) mass relations. 

(b) The number of free parameters in Md and Mr is reduced from ten M to five (x, z, 
M , u, and (). To do so, we have expanded Md in terms of the complex parameter A and 
Mr in terms of the real parameter A. Such a treatment is plausible, since the Majorana 
neutrino mass matrix Mr is a priori independent of the Dirac neutrino mass matrix Md- 
While |A| = A holds by definition, it actually reflects the requirement of a large mixing angle 
in the v^,-v T sector of M u , which imposes strict constraints on Md and Mr via the seesaw 
mechanism. Because of the reduction of free parameters, the new ansatz is expected to have 
more powerful predictability. 



3 The Vf.-v^ sector of M v is generally sensitive to the renormalization effects, in particular when 
the corresponding mass eigenvalues (mi and m-i) are nearly degenerate [p|. 
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III. NEUTRINO MIXING 



The symmetric neutrino mass matrix M v in Eq. (10) can be diagonalized by a 3 x 3 
unitary matrix V, 

V j M u V* = I m 2 1 , (12) 



mi 











m 2 











m 3 



where mi, m 2 and m 3 are physical (real and positive) masses of three light neutrinos. As 
pointed out above, the contribution of Mi to lepton flavor mixing is expected to be very 
small and even negligible. Therefore the matrix V, which links the neutrino mass eigenstates 
(z^i,^ 2 ,^ 3 ) to the neutrino flavor eigenstates iv e , z/^, v T ), can well describe the dominant 
effects of lepton flavor mixing at low energy scales. Current experimental data on solar, 
atmospheric and reactor neutrino oscillations [fj],p|,|I5| strongly suggest that jV^I -C 1, |V e i| ~ 
\V e 2\ and \Vfja\ ~ | VV3 1 hold. Then a parametrization of V needs two big mixing angles (9 X 



and 9y) and one small mixing angle (9 Z ) fll9[ , in addition to a few complex phases. After 



some lengthy but straightfoward calculations, we obtain ^ 



V 



/ r p i(a-7+7r/2) p i(a--y) „ p i 

X X z 

-s x c y e^ + ^W c x c y e^ + ^ s y e^ | , (13) 

\ s c ,=«(C+7+7r/2) _ p i{C,+l) r p K 



in which s a = sin 9 a and c a = cos 9 a (for a = x, y,z), a = u + (, f3 = 5u — C = C — 2</?, and 
27 = arg(z'e i2< ^ — 1). The explicit expressions of three mixing angles (9 X , 9 y , 9 Z ) are 

9 X « - arctan [2^^ ) , 
2 \ 5 J 

9 y m - arctan I — J , 

9 Z « i arctan . (14) 

In addition, three neutrino massses are given by 

/ A 

mi ~ 



m 2 



m 3 ~ 2^ . (15) 
M v ; 




4 Note again that an overall phase factor e^ 71 5a; )/ 2 has been omitted from the right-hand side of 
Eq. (13), in accord with Eq. (10). 
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We can see that 6 Z is as small as we have expected, and a normal neutrino mass hierarchy 
rrii '■ m 2 '■ m 3 ~ A : A : 1 shows up. 

It is worth mentioning that our instructive results for (m 1 ,m 2 ,m 3 ) and {0 x ,8 y ,8 z ) will 
not get dramatic variations, if arbitrary coefficients of 0(1) are taken for those non-zero 
elements in Md and Mr. The reason is simply that the hierarchical structures of Md and 
Mr, guarantee a stable texture of M v , from which the light neutrino masses and flavor 
mixing angles can straightforwardly be derived. For instance, a replacement A 4 ==>- AX A 
with \A\ ~ 0(1) for the (2,3) and (3,2) elements of Mr does not affect the pattern of M v in 
the leading-order approximation ||. Given a replacement A 2 ==>- B\ 2 with \B\ ~ 0(1) for 
the (2,3) and (3,2) elements of M D , the only variation of M v is that its corresponding (2,3) 
and (3,2) elements change from 1 to B. In this case, we find 



9 X « - arctan 
2 



0,, »s - arctan 
y 2 



4 ~ - arctan 
2 



2a/1 



215 




1 - | 


B\ 


2 + 5 



2\B\X 



:i + \b 



2^3/2 



(16) 



and 



mi 



m 2 



A 



;i + |5| 2 ) 3/2 

A 

L(T+ \B\ 2 f 2 
M 



tan 8 X 
cot #~ 



m 3 



m 3 , 



;/,':; ( 1 • /; 2 ) ^ . 



(17) 



It is obvious that Eqs. (14) and (15) can be reproduced, respectively, from Eqs. (16) and 
(17) with the choice \B\ = 1. Therefore, small deviations of \B\ from unity do not give rise 
to significant changes of the results obtained in Eqs. (14) and (15). Note that an arbitrary 
coefficient of 0(1) for the (3,3) element of Md or Mr can always be absorbed through a 
redefinition of the mass scale mo or Mo. On the other hand, an arbitrary coefficient of 0(1) 
for the (1,2) and (2,1) elements of Md or Mr can also be absorbed via a redefinition of the 
perturbative parameter A or A. 

Some interesting implications of the simple results in Eqs. (14) and (15) are discussed 
in order. 

(1) The hierarchy of three light neutrino masses allows us to determine the absolute 
value of 7713 from the observed mass-squared difference of atmospheric neutrino oscillations 



Am 2 tm 
obtain 



|m| — m 



w m 2 . Using the recent Super-Kamiokande data listed in Eq. (2), we 



m 3 



Am 2 tm 



(4.0-6.2) x 10~ 2 eV 



(18) 



Given m ~ v for the Dirac neutrino mass matrix Md, the mass scale of three heavy 
Majorana neutrinos turns out to be 
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v 2 

M ps 2 — ps (4.9 - 7.6) x 10 14 GeV . (19) 
m 3 

We observe that this mass scale is not far away from the scale of grand unified theories 
Agut ~ 10 16 GeV. 

(2) The small parameter 5 defined in Eq. (11) can well be constrained, if we take account 
of current experimental data on the mass-squared difference of solar neutrino oscillations 
Am 2 un = \m\ — m\\ shown in Eq. (2). As the ratio R = Am 2 un /Am 2 tm is given by 

R ps — V8X 2 + 5 2 ps (0.85 - 10.6) x 10" 2 , (20) 

we obtain 5 ~ 0.21 — 1.2 for A ~ 0.22. Note that 5 > 0.5 is apparently in conflict with 
our original assumption 5 ~ O(X) in Eq. (11). Therefore the reasonable range of 5 should 
be 5 ps 0.21 — 0.50, which leads in turn to R ps (0.85 — 2.5) x 10~ 2 . Subsequently we fix 
5 = V2X ps 0.31 typical input. 

(3) Using 5 = y/2X, we explicitly obtain 

6 X ~ 31.7° , 9 y ~ 40.6° , 6 Z ^ 4.4° . (21) 

To a good degree of accuracy, the mixing factors of solar, atmospheric and reactor neutrino 
oscillations are associated respectively with 9 X , 6 y and 6 Z pOfl . From Eq. (14) or Eq. (21), 
we get 

sin 2 29 sun ps sin 2 29 x ps g2 ps 0.8 , 

sin 2 2^ atm ~ sin 2 29 v ^ ^ 0.98 , 

A 2 

sin 2 29 Tca ps sin 2 2# 2 ps — ps 0.024 . (22) 

Note that we have kept the 5-induced correction to sin 2 2# atm , in order to illustrate its 
small departure from unity (maximal mixing). The typical results in Eq. (22) are in good 
agreement with current Super-Kamiokande (JTJ, SNO and CHOOZ [TSj] data. 



(4) Due to the mass hierarchy of three light neutrinos, our ansatz predicts a relatively 
small value for the effective mass term of the neutrino less double-/? decay: 



■3 

(m) ee = { m kVek 



X 



2 



-m 3 



fc=i 



~ (2.4 — 3.8) x 10 ^ eV , (23) 

which seems hopeless to be detected in practice. Indeed the present experimental upper 
bound is (m) ee < 0.35 eV at the 90% confidence level pl[ . 



(5) CP or T violation in normal neutrino oscillations is measured by a universal and 
rephasing-invariant parameter J ||22||, which can be calculated as follows: 



J = |I,„(^3V3V- 2 )| „ J^fij, (24) 
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where 



sin 27 fa — sin2<^ — - sin(2y? + u;) . (25) 


Because ofx~2^>(5~A,a significant cancellation on the right-hand side of Eq. (25) is 
naturally expected. There exists an interesting parameter space, in which 

1 7T 

x = -=, z = 1 + V2X , C = -w = T • (26) 
V2 4 

Considering Eq. (11), one may easily check that 5 = v^2A does hold for the chosen values 
of x, z, <jj and (. It is particularly amazing that sin 27 = 1 holds in this case. Therefore we 
obtain J fa A/(4vT0) fa 2%. CP violation at the percent level could be measured in the 
future at neutrino factories [031. 



IV. LEPTOGENESIS 

The symmetric neutrino mass matrix Mr in Eq. (9) can be diagonalized by a 3 x 3 
unitary matrix U, 



U^M R U* 



Mi 
M 2 
M 3 



(27) 



where M 1; M 2 and M 3 are physical (real and positive) masses of three heavy Majorana 
neutrinos. In the leading-order approximation, we obtain 





A 6 


M x 


fa —M 


z 


M 2 


fa z\ 4 M 


M 3 


faM ; 



(28) 



and 



U 



\ 



A 
-2— 

2 

z 



A 
1 

-A 4 





A 4 
1 



(29) 



One can see that the masses of three heavy Majorana neutrinos perform a clear hierarchy. 
In view of Eq. (19), we arrive explicitly at 



{Mi,M 2 ,M 3 } fa {5.2 x 10 10 , 1.8 x 10 12 , 6.0 x 10 14 } GeV 



(30) 
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if M = 6.0 x 10 14 GeV and z = 1 + V2X are typically taken. 

A lepton asymmetry may result from the interference between tree-level and one-loop 
amplitudes of the decay of the lightest heavy Majorana neutrino with mass M\ 0. This 
asymmetry can be expressed, in the physical basis where Mr is diagonal and the Dirac 
neutrino mass matrix takes the form M-qU* instead of Md, as |2~3| 



£l ~ 16^ 2 ' [U^MlM D U*}n h M i 

where v ~ 175 GeV denotes the electroweak scale. In writing out Eq. (31), we have taken 
account of the strong mass hierarchy M\ <C M2 -C M3. With the help of Eqs. (8), (28) and 
(29), we get 

3A 6 x 2 z$\yy2uj -2x{\ + a; 2 ) sintu + sin 2(2u; - C) 
16n z (1 + x 2 + z 2 — 2xz cos a;) 

Once the parameters x, z, to and ( are specified, one will be able to predict the magnitude 
of £1 from Eq. (32). 

For the purpose of illustration, we adopt the specific parameter space given in Eq. (26) 
to evaluate the size of S\. The result is 

A 6 / 23^, 67 x2 \ 

or numerically E\ ~ —5.2 x 10 -6 . To translate this lepton asymmetry into the baryon 
asymmetry of the universe @, one needs to calculate a suppression factor k induced by 



the lepton- number- violating wash-out processes p5|| . Note that k depends closely on the 
following quantity: 

^ - [t/ T M+M D f/*]ii M P1 

-Kr = 



8tcv 2 l.QQ^g-Mi 

3-V2X + 6A 2 Mpi 

16tt ' 1.66^M ' [ ' 

which characterizes the out-of-equilibrium decay rate of the lightest heavy Majorana neutrino 
with mass M x . In Eq. (34), w 100 represents the number of massless degree of freedom 
at the time of the decay, and Mpi « 1.22 x 10 19 GeV is the Planck mass scale. Making use of 
the typical inputs taken above for Eq. (30), we arrive at K R « 73. The suppression factor k 
can then be calculated with the help of an approximate parametrization obtained from 
integrating the Boltzmann equations (for 10 < < 10 6 ): 

k « — 1 — in . « 1.7 x 10~ 3 . (35) 

(lnX R ) a6 1 ' 

Finally we get an instructive prediction for the asymmetry between baryon (n B ) and anti- 
baryon (rig) numbers of the universe: 
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Y B = = w 4 7 x 10 -n (36) 

where s denotes the entropy density, and c = —8/15 describes the fraction of E\ converted 
into Yq via sphaleron processes in the framework of three lepton-quark families and two 



Higgs doublets p6 |. One can see that our result is consistent quite well with the observed 



baryon asymmetry, Yq pa (1 — 10) x 10~ n |2"7fl . 

Of course, one may go beyond the typical parameter space taken in Eq. (26) to make 
a delicate analysis of all measurables or observables, only if the condition in Eq. (11) is 
satisfied. It is remarkable that we can quantitatively interpret both the baryon asymmetry 
of the universe and the small mass-squared differences and large mixing factors of solar and 
atmospheric neutrino oscillations. In this sense, our ansatz is a complete phenomenological 
ansatz favored by current experimental and observational data, although it has not been 
incorporated into a convincing theoretical model. A number of different ansatze on leptoge- 
nesis and neutrino oscillations have recently been proposed but some of them turn 



to be ruled out by the present Super-Kamiokande and SNO data. 

Future neutrino experiments will test the present ansatz and help to distinguish it from 
other viable models in the following four aspects: 

(a) Our ansatz predicts the ratio of Am^ un to Am^ tm (i.e., R) to be around 1%. If more 
accurate solar and atmospheric neutrino data yield R < 0.5% or R > 5%, our ansatz will 
somehow become disfavored. 

(b) The prediction of our ansatz for the smallest lepton mixing angle is quite certain: 
9 Z pa A/(2 v / 2) (or 4.4°). This result may easily be examined in a variety of long-baseline 
neutrino oscillation experiments [ 30(1 . Some other ansatze [p8] have given quite different 



predictions for 9 Z , either much larger or much smaller than ours. 

(c) The magnitude of (m) ee predicted by our ansatz (of order 10~ 4 eV) is too small to 
be measured in any proposed experiments for the neutrinoless double-/? decay ]3TJ] . If an 



unambiguous signal of the neutrinoless double-/? decay is observed in the near future, the 
present ansatz will definitely be ruled out. 

(d) In our ansatz, the rephasing- invariant parameter of CP violation (i.e., J) is predicted 
to be at the percent level. This strength of leptonic CP or T violation could be detected in 



the far future at neutrino factories P3| . Therefore, another criterion to discriminate between 
our ansatz and other viable models is to see how large the CP-violating effects can be in 
neutrino oscillations. 



V. SUMMARY 

In summary, we have proposed a non-SO(lO) modification of the Buchmiiller-Wyler 
ansatz for neutrino mixing and leptogenesis. Its consequences on the light neutrino masses, 
lepton flavor mixing angles, the neutrinoless double-/? decay, and the baryon asymmetry are 
all in good agreement with current experimental and observational data. In particular, an 
indirect connection between the lepton asymmetry at high energy scales and CP violation in 
neutrino oscillations has shown up in such a specific ansatz. We expect that phenomenolog- 
ical ansatze of this nature will get more stringent tests in the era of long-baseline neutrino 
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oscillation experiments. On the theoretical side, a deeper understanding of the origin of 
fermion masses, flavor mixing and CP violation becomes more desirable than before. 
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